Trustworthy clinical practice guidelines should be based on a systematic review of the literature, provide ratings of the quality of evidence and the strength of recommendations, consider patient values, and be developed by a multidisciplinary panel of experts. The quality of evidence reflects our certainty that the evidence warrants a particular action. Transforming evidence into a decision requires consideration of the quality of evidence, balance of benefits and harms, patients' values, available resources, feasibility of the intervention, acceptability by stakeholders, and effect on health equity. Empirical evidence shows that adherence to guidelines improves patient outcomes; however, adherence to guidelines is variable. Therefore, guidelines require active dissemination and innovative implementation strategies.
C linical practice guidelines are systematically developed statements that intend to assist clinicians and patients in making decisions about appropriate health care in specific circumstances. 1 Guidelines aim to improve the quality of patient care by encouraging interventions of proven benefit and discouraging the use of ineffective or potentially harmful interventions; to reduce unnecessary variation in practice; to lessen disparities; to empower patients; and to influence public policy. 2 Production of guidelines has skyrocketed during the past 30 years. Currently, the library of the Guidelines International Network has 6187 documents from 76 countries, and the National Guideline Clearinghouse in the United States has 2017 guideline summaries. 3, 4 Guidelines are critical for developing disease performance measures and defining high-value care.
This primer includes a description of the modern approach to developing guidelines; the criteria for trustworthy guidelines; advice on how clinicians can appraise, interpret, and implement practice recommendations; challenges and limitations of guidelines; and a future research agenda to address current knowledge gaps.
HISTORICAL PERSPECTIVE
Until the 1970s, medical actions were indirectly regulated through the training and credentials granted by medical schools or state authorities; however, such credentialing proved to be an insufficient guarantee of quality. 5 Further standardization and organization of the medical profession necessitated the development of guidelines. Guidelines in their current form started in the 1970s and were primarily based on the consensus of expert panels (eg, the National Institutes of Health Consensus Development Program). 6 Experts recommended management approaches they have used in their practice and cited references they recalled or were able to identify without an explicit systematic search. With the emergence of evidence-based medicine as a principle for decision making in the 1980s and coining of the term in 1991, 7 more rigorous approaches for guideline development have emerged. The next generation of guidelines would emphasize research evidence over opinion and base recommendations on the design of studies contributing evidence on benefits and harms of interventions. For example, the American College of Cardiology/American Heart Association used ratings of A, B, and C that were exclusively dependent on study design (level A, multiple randomized trials or meta-analyses; level B, a single trial or nonrandomized studies; and level C, consensus opinion of experts, case studies, or standard of care). 8 In 2000, many different guideline systems existed, which was confusing for stakeholders. The 6 most prominent systems had low reproducibility of judgments and did not fit the needs of all stakeholders. 9 Subsequently, it became apparent that study design (a surrogate for the risk of bias) was insufficient. 9 Studies with the same design (eg, randomized trials) can have high risk of bias or low risk of bias. Factors other than risk of bias affect certainty in the evidence (eg, precision of estimates of effect, consistency of effect across studies). Moreover, factors other than evidence (eg, patient values) affect decision making. 10 Considering these challenges and to unite many of these frameworks, the GRADE approach (Grading of Recommendations, Assessment, Development, and Evaluation) was developed in 2003. It advanced guideline methodology further by providing a framework for rating the quality of evidence based on 8 distinct domains (as opposed to study design only). The construct of the quality of evidence was then defined to reflect the extent of our confidence that the estimate of an effect is adequate to support a particular decision or recommendation. 11 An evidence to decision framework based on 8 criteria (as opposed to intuitive or global judgment) was provided by GRADE to assist in developing actions based on evidence. 12 Empirical evaluation showed that recommendations with a rating of A (based on multiple randomized trials or meta-analyses) would have been rated using GRADE as high, moderate, low, and very low. 13 Thus, this newer approach uncovered additional factors affecting the quality of evidence that were otherwise implicit. Judgments made using GRADE had good reproducibility and reliability compared with intuitive or global judgments and were consistent among raters (interrater reliability of 0.72) 14 even when panel members had short training in GRADE (two 1-hour didactic sessions). 15 GRADE was adopted by more than 100 organizations and has become, to some extent, the gold standard (when other systems are used, 16, 17 they usually depend on GRADE domains and components).
In 2011, the National Academy of Medicine (formerly the Institute of Medicine) published criteria for trustworthy guidelines that greatly overlapped with GRADE (in emphasis on the systematic review process, rating the quality of evidence and strength of recommendations, and considering nonevidence factors). 18 These criteria were highly disseminated and cited, and they motivated guideline developers to improve the rigor of guidelines (Table 1) . Similar criteria were also produced by the Guidelines International Network, 19 the National Institute for Health and Clinical Excellence in the United Kingdom, 20 and the World Health Organization. 21 
EVALUATING THE QUALITY OF EVIDENCE
A systematic review is a mechanism to reduce the risk of biased selection of evidence and should be conducted once the scope and preliminary questions of the guideline are determined. Meta-analysis may or may not be appropriate, but a systematic review is always needed. In the context of a guideline, the quality of evidence (also called certainty in the evidence, strength of the evidence, and confidence in the effect estimates) reflects the extent of our confidence that the estimates of an effect are adequate to support a particular decision or recommendation. 11 A good starting place to determine this confidence depends on study design (higher confidence in randomized trials and lower confidence in observational studies). There are, however, other factors that can moderate this initial rating of confidence. We are less confident of the effect of an intervention on benefits and harms (1) (high risk of bias), (2) if the evidence is indirect (eg, the studies addressed populations or outcomes different from those targeted by the guideline), (3) if the evidence is inconsistent or heterogeneous (ie, the effect is different across studies, which can be evaluated qualitatively or statistically using the I 2 statistic and other tests of heterogeneity), (4) if the estimates of effect were imprecise (ie, the CI includes appreciable benefits and harms, making the decision different across the boundaries of the CI), or (5) if there was an indication of publication or reporting bias (ie, studies with positive results were more likely to be published than were studies with negative results or no effect, which may be detected statistically using funnel plots and other tests).
Conversely, there are scenarios that increase confidence in evidence derived from observational studies (eg, when a large effect is noted). These factors are considered the domains of the construct of quality of evidence and are used to reach a final rating of the quality of evidence (after starting with a rating based on study design). Table 2 includes examples to illustrate how these domains are applied.
FROM EVIDENCE TO RECOMMENDATION
The beginnings of evidence-based medicine have demonstrated a great desire to base decision making on evidence (as opposed to the previous approach of depending on expert opinion). However; evidence-based practitioners realized very quickly that evidence alone is insufficient for decision making. Hence, the second principle of evidencebased medicine acknowledged that decisions should also consider several nonevidence factors. 30 For example, chemotherapy can extend survival in lymphoma but causes serious adverse effects. Variation in patient values can lead to different recommendations (eg, making a stronger recommendation for chemotherapy for younger patients and making a weaker recommendation for older patients who may favor quality of life over extending survival). 31 Guideline developers can obtain information on patient values from surveys, from qualitative studies, or by engaging patients in the process of guideline development. 32, 33 Frameworks for engaging patients and other stakeholders in guideline development have been proposed, although little comparative evidence is available to support one preferred approach. 34, 35 Table 3 presents factors to be considered when making a recommendation as described in the recently developed evidence to decision framework. 12 It is important to recognize that some of these factors may not be critical for decision making in certain situations. For example, when the balance of benefits and harms is clear, patient values may be less relevant. Similarly, cost may be critical for some decisions but not for others.
DETERMINING THE STRENGTH OF A RECOMMENDATION
The National Academy of Medicine and other authorities [18] [19] [20] [21] have indicated that a key criterion of a trustworthy guideline is that a recommendation given to a patient or a population should have a strength attached to it. For example, in GRADE, recommendations are labeled as strong or weak (also called conditional or discretionary). This strength reflects the extent to which we can be confident that the desirable effects of an intervention outweigh the undesirable effects. 36 An example of a strong recommendation is recommending antiviral therapy to patients with immuneactive chronic hepatitis B infection (where the benefits clearly outweigh the harms); whereas only a weak recommendation was given for using antiviral agents in those with compensated liver disease and low-level viremia. 37 Strong recommendations usually require high-quality evidence. Less commonly, a A meta-analysis of 14 randomized trials showed that perioperative insulin infusion reduced mortality in patients undergoing surgery (relative risk, 0.69; 95% CI, 0.51-0.94). However, less than half of the trials concealed allocation sequence from the investigator enrolling patients; less than half of the trials blinded outcome assessors, and most trials did not report on those lost to follow-up. 22 These limitations suggest increased risk of bias that leads to rating down the quality of evidence. Indirectness (Does the available evidence fit the population and interventions of interest?)
Trials of angiotensin-converting enzyme inhibitors in patients with diabetes can designate death, incidence of end-stage renal disease, or proteinuria as outcomes. Trials using death and incidence of end-stage renal disease provide the highest-quality evidence for decision making. Conversely, trials that use proteinuria as a surrogate for clinical outcomes produce indirect evidence that leads to rating down the quality of evidence.
23
Inconsistency (Do the results substantially differ across published studies?)
A meta-analysis of 22 studies showed that medical students who learned using a self-directed approach had a moderate increase in knowledge compared with those who learned using traditional didactic curricula. The increase in knowledge was estimated to be 0.42 SD (95% CI, 0.14-0.70 SD). However, the effect was very inconsistent across studies (I 2 ¼94%) and suggested important heterogeneity beyond what was expected by chance. 24 This heterogeneity leads to rating down the quality of evidence. Imprecision (Would our decision differ across the boundaries of the CI?)
At 30 d and compared with endarterectomy, carotid stenting was associated with a nonsignificant reduction in the risk of death (relative risk, 0.61; 95% CI, 0.27-1.37). 25 If the lower boundary of CI was to represent the truth, this would mean that stenting reduced death by 73%. If the upper boundary of the CI was to represent the truth, this would mean that stenting increased death by 37%. Because the CI included appreciable benefit and harm, this evidence is considered imprecise, which leads to rating down the quality of evidence. Publication bias (Are there unpublished studies that show less impressive results than published ones?)
Data on 74% of patients enrolled in trials evaluating the antidepressant reboxetine remained unpublished. Published data overestimated the benefit of reboxetine vs placebo by up to 115% and underestimated harm. 26 This is an example of publication bias in which sponsors of trials chose the data that are most impressive to publish, which leads to rating down the quality of evidence. Quality of evidence is rated up Large effect (Relative risk >2.0 or <0.5 can be used to define a large effect.)
Meta-analysis of observational studies showed that infants with a front sleeping position had increased risk of sudden infant death syndrome compared with a back sleeping position (odds ratio, 4.1; 95% CI, 3.1-5.5). The large effect (4 times increased likelihood) increases certainty that a strong association exists and can lead to rating up the quality of evidence.
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Dose-response effect (The higher the dose, the larger the effect.)
An observational study of 2154 patients with septic shock showed a strong relationship between the delay in effective antimicrobial initiation and in-hospital mortality (adjusted odds ratio, 1.12 for each additional hour delay). This dose-response relationship increases certainty that a strong association exists and can lead to rating up the quality of evidence.
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Plausible confounding strengthens the association (Despite a likely confounder that would weaken the association, the effect remains significant.)
Observational studies have documented lower mortality rates in not-forprofit hospitals compared with for-profit hospitals. This is despite confounding by the fact that sicker patients usually are hospitalized in notfor-profit hospitals (thus, not-for-profit hospitals would be expected to have higher mortality rates). Despite this, it was observed that not-for-profit hospitals had lower mortality rates. This residual confounding strengthens the observed association and can lead to rating up the quality of evidence. 29 strong recommendation can be justified with low-quality evidence in 5 paradigmatic situations (Table 4) . 38 
WHERE TO FIND GUIDELINES?
The National Guideline Clearinghouse is a public resource that is supported by the Agency for Healthcare Research and Quality. Guidelines indexed in this register have to meet certain criteria, particularly, being based on a systematic review of the evidence and documenting an assessment of the benefits and harms of the recommended care and alternative care options. 4 Another way to find guidelines is to search websites of professional societies relevant to a particular topic. Guidelines can also be found through bibliographic database searches (eg, MEDLINE). The search can use a database filter (eg, in PubMed, there is a publication type called guideline), a controlled vocabulary (eg, Medical Subject Heading terms in PubMed), or text words (eg, guideline, consensus, recommendation, or standards). Incorporation of guideline recommendations in order sets and decision support tools in electronic medical records reduces the need for searching for guidelines but hides the rationale and rigor of guideline development from end users.
HOW TO JUDGE THE QUALITY OF A GUIDELINE?
There are more than 20 tools available to appraise a guideline. 39 Some tools focus on implementation. 40 The AGREE (Appraisal of Guidelines, Research, and Evaluation) Collaboration developed the AGREE II, which is the most validated and extensively used tool. The AGREE II is a generic instrument that aims to assess the process of guideline development and reporting and has 23 items grouped into 6 domains (scope and purpose, stakeholder involvement, rigor of development, clarity of presentation, applicability, and editorial independence). 41 The use of this tool is helpful for researchers, journal editors, and policy makers but not for a busy clinician reading a recently published guideline. A simplified approach is suggested for clinicians 42 that focuses on only a few questions (Was the recommendation based on the best available evidence and is that evidence reported and easily understood? Were patients' values, preferences, and resources considered? Was the strength of recommendations appropriate? Was the influence of conflicts of interest minimized?). These questions address the major criteria of a trustworthy guideline.
IMPLEMENTATION Implementation From the Perspective of a Clinician-Patient Dyad
The key information needed to implement a recommendation includes a clear description of the population to whom a recommendation is appropriate, the baseline risk of this population, the quality of evidence, and the strength of the recommendation. An example of a recommendation that contains these 4 pieces of information is presented in Table 5 .
When the recommendation is strong, clinicians should offer the intervention to almost all their eligible patients and convey high confidence that the benefits outweigh the harms. Extensive discussion or exploration of values is not always needed.
Conversely, if the recommendation is weak or conditional, clinicians need to be more discretionary in applying the recommendation and offer additional discussion to elicit patients' values, preferences, cost implications, comorbidities, and clinical and social context. 42 Weak recommendations imply that although the recommended action is appropriate for 12 most patients, for some of them, the alternative action may be more appropriate. For example, a strong recommendation for intranasal glucocorticosteroid use in allergic rhinitis means that clinicians should prescribe it to most patients and just perhaps provide educational material to the patient about how to use it. On the other hand, implementing a weak recommendation for intransal antihistamines requires more discussion during which clinicians need to convey the lack of high-quality evidence in this setting and explore patient preferences, costs, and other factors affecting the decision to start treatment. 44 Shared decision-making tools are highly desired in the setting of conditional recommendations and uncertain evidence. These tools can present all the plausible options to patients, increase their knowledge about the condition and the options, and enhance their awareness of their own risk of various outcomes. A meta-analysis of 115 studies showed that decision aids increased patients' knowledge, the proportion of patients with accurate risk perceptions, and the likelihood of patients choosing an option congruent with their values; reduced decisional conflict; and increased visit time by a median of only 2.6 minutes (range, 8 minutes shorter to 28 minutes longer). 45 Developing decision aids requires patient engagement in the design and testing process. The most helpful decision aids are the ones that encourage conversation during the clinical encounter and activate patients as opposed to those that merely provide education. 46 
Implementation From the Perspective of Health Care Systems
The strength of a recommendation is an essential factor that guides implementation of a guideline from the perspective of policy makers. Strong recommendations imply high confidence that benefits outweigh harms and that the recommended act is appropriate for almost all patients, is feasible, is acceptable to patients and providers, and does not exacerbate inequity. Such recommendations may be candidates for quality improvement projects that ensure that most patients would receive the intervention. Process measures can be structured to monitor health care delivery. Barriers and facilitators should also be explored in the context of health care delivery. Some of these recommendations may be appropriate for pay for performance initiatives and quality metrics. 42 Clearly, lower-grade (weak, discretionary, conditional) recommendations are not candidates for incorporation into quality improvement projects and quality metrics (unless the metric was to measure that most patients were engaged in relevant discussion and were introduced to all the available treatment options). Such recommendations remain, however, the best course of action and from a coverage standpoint are what most patients should be able to receive.
From a health system perspective, a guideline could be adopted or adapted. Adaptation is a process that may be needed to improve implementation in a targeted practice or geographic location. The process includes Recommendation: "For acutely ill hospitalized medical patients at increased risk of thrombosis who are bleeding or at high risk for major bleeding, we suggest the optimal use of mechanical thromboprophylaxis with graduated compression stockings. (Weak recommendation, low quality evidence)" 43 The recommendation is followed by 2 tools that help the clinician estimate the risk of thrombosis and bleeding in hospitalized medical patients.
identification of a guideline, followed by appraisal and then modification based on the feedback of local stakeholders, local disease prevalence or baseline risk, effect modifiers (eg, antimicrobial drug resistance), availability of resources, and cultural variations. 47 In addition to integration of guidelines as decision support tools in electronic health records and initiating quality improvement projects, dissemination and implementation can be enhanced using point-of-care technology. An example is a mobile device application that provides a multilayered presentation for point-of-care use. Starting with the recommendation (the top layer), clinicians can on-demand access a rationale for and key information about the recommendation, the quality of evidence, balance between desirable and undesirable consequences, values and preferences, and resource considerations. 48 Based on clinicians' time, interest, and expertise, they can choose which layers to view. User testing led to extensive revisions of this application, and most stakeholders expressed overall satisfaction with the final format. 48 
Do Guidelines Improve Patient Outcomes?
Adherence to guidelines lowered the risk of hospitalization in patients with chronic heart failure across several European countries. 49 A study of patients with a new diagnosis of primary breast cancer showed that the greater the number of violations in guideline adherence, the lower the survival. 50 In patients with hospital-acquired or ventilator-associated pneumonia, guideline-adherent initial intravenous antibiotic drug therapy was clinically superior, saved more lives, and was less expensive than noneguideline-adherent therapy. 51 Guideline-adherent antithrombotic prophylaxis in patients discharged with atrial fibrillation was also associated with lower all-cause and cardiovascular mortality. 52 Numerous other examples exist to document better outcomes with guideline adherence.
Improving Guideline Uptake
Although adherence to guidelines improves outcomes, nonadherence to guidelines was shown to be frequent 53, 54 and was more likely to affect patients who were older or had cancer or other comorbidites. 52 Low adherence to guidelines reinforces that passive diffusion of evidence is unreliable. 55 Four cluster trials showed that active interventions are required to enhance guideline uptake (eg, educational workshops, paper-based educational materials, order forms, and reminders). 56 Multifaceted interventions targeting different barriers were more likely to be effective than single interventions. 55 Qualitative research also demonstrated the need for building a culture that enabled guideline implementation. 57 An example is the successful implementation of performance measures for communityacquired pneumonia in several academic institutions in New Jersey. Success was attributed to the wide engagement of stakeholders; forming multidisciplinary teams championed by a nurse practitioner; making changes based on local input; dissemination via workshops, grand rounds, and mailings; and collecting data on process measures. 58 
LIMITATIONS AND FUTURE NEEDS
A large proportion of published guidelines were reported to have limited rigor and did not meet all the criteria for a trustworthy guideline. [59] [60] [61] Patients or methodologists were not included in the guideline development process in most guidelines (71% and 86%, respectively). 62 Guidelines also tend to address the common or average patient. For example, 1 study demonstrated the absence of incorporating the impact of multiple chronic conditions, sociopersonal context, and patient preferences in 29%, 39%, and 57% of a sample of guidelines, respectively. 62 This, indeed, suggests that recommendations fit the needs of the average patient. True practice of individualized medicine requires more nuanced recommendations, which necessitates advances in genomics and the basic sciences to produce reliable individualized risk prediction and response to therapy estimates (which is not the case at the present time). The current research evidence is based on assessing average treatment effects in a group of patients that is not conducive to individualized practice. The current evidence, however, can be leveraged by conducting N-of-1 trials (crossover trials in single individuals to evaluate treatment effectiveness in chronic conditions) 63 and rigorous subgroup analyses in trials and meta-analyses. Subgroup analyses can produce effect estimates stratified by patient characteristics (effect modifiers) and can help with individualizing care. However, spurious findings are the norm in the current practice of subgroup analysis. 64 Individual patient meta-analysis can offer reliable individualized estimates but requires data sharing by trialists and remains quite uncommon.
In terms of validity and reproducibility of judgments made by guideline developers, the only available literature is on the GRADE approach. Although quality of evidence ratings had good reproducibility and reliability, 14, 15 it remains by necessity a matter of judgment. 65 Aside from reliability, the benefit of using discrete domains of the quality of evidence and specific criteria for the evidence to decision framework is the transparency of the approach. Transparency allows guideline users to understand the rationale for the judgments made, even if they disagree with the perspective taken. 65 Clinical practice guidelines become quickly outdated, with 1 of 5 recommendations being out of date after 3 years. 66 Recommendations that depended on multiple randomized trials were less likely to change. 67 The concept of a living guideline (ie, a guideline with a mechanism for real-time updating) has been proposed 68 but not implemented. The British Medical Journal has launched a rapid recommendation initiative to compensate for outdated guidelines. 69 Another challenge that undermines guideline integrity and uptake is inconsistency in recommendations across guidelines evaluating the same evidence on the same condition. 70 Conflicting recommendations confuse guideline users and undermine evidence-based practice. A summary of key challenges and future needs is presented in Table 6 .
Theoretical harms of guidelines include leaving insufficient room for clinicians to tailor care, adversely affecting insurance coverage for certain interventions, increasing health care costs; deskilling clinicians, and subjecting clinicians to litigation or unfavorable professional judgments by auditors and managers. 2, 74 Nevertheless, surveys of primary care physicians showed that they had overall positive attitudes toward guidelines and their effectiveness; only a minority was concerned that guidelines may be used to set performance-related pay, reduce clinical freedom, or stifle innovation. [75] [76] [77] 
CONFLICTS OF INTEREST
It is well-known that conflicts of interest affect the opinions and recommendations of experts and can compromise guideline validity. 78 Intellectual conflicts are common but remain implicit and are rarely addressed (compared with financial ones). Forming guideline panels without conflicted experts (who are more likely to have the most expertise and knowledge in a particular field) may lead to guidelines devoid of expertise and may impair guideline credibility and uptake. Therefore, if excluding conflicted panelists was not possible in certain situations, reliable strategies for managing these conflicts would be critical to ensure guideline credibility. Recent strategies that were shown to be effective were (1) tasking conflicted experts with interpreting and commenting on evidence but not with voting on recommendations; (2) appointing a nonconflicted methodologist as the panel chair or co-chair with equal authority as content experts; and (3) providing explicit criteria for determining intellectual and financial conflicts. 33 Randomized trials to test engagement methods have been performed and seem to be feasible. 71 2. Reliable mechanism to update guidelines and incorporate new evidence. Although frameworks for updating guidelines have been suggested, 72 only 53% of surveyed guideline developers had a formal procedure for deciding when a guideline becomes out of date 73 and less than a third of methodology handbooks included an approach for updating guidelines. 3. Collaborative initiatives to avoid contradictory recommendations by different professional societies. In 2011, five independent guidelines reported recommendations for the management of carotid artery stenosis. 70 Recommendations from these committees differed. The ACC/AHA suggested that stenting and endarterectomy were equal options for symptomatic patients, whereas the Society for Vascular Surgery and the Australasian Guidelines recommended endarterectomy as a first choice and suggested stenting as an alternative only in patients with high anatomical or perioperative risk. 70 4. Data sharing to facilitate conducting individual patient meta-analyses. Study-level meta-analysis, which is very frequently performed, produces subgroup estimates that are highly subject to ecological bias. In comparison, individual patient meta-analysis can produce reliable estimates of effect in patient subgroups; which allows individualized recommendations. However, individual patient meta-analysis requires data sharing by trialists.
79
ACC/AHA ¼ American College of Cardiology/American Heart Association.
CONCLUSION
Trustworthy clinical practice guidelines require a systematic review to select the best available evidence and should rigorously evaluate the quality of evidence and incorporate nonevidence factors to transform evidence into a decision. Empirical evidence shows that guidelines improve patient outcomes; however, adherence to guidelines is variable. Therefore, guidelines require active dissemination and innovative implementation strategies.
